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We present several results on hadronic D meson decays. We report on results from the scan of the 
energy region from 3970 MeV to 4260 MeV, which was used to determine an optimal energy to carry 
out the D s physics program of CLEO-c. Improved measurements of inclusive and exclusive D and 



D s branching fractions are presented. We also show results on Dalitz analyses of D+ 
using CLEO-c data and D° -> K+R-jt using CLEO III data. 
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1. Introduction 

The study of leptonic and semileptonic 
charm decays provide direct access to CKM 
elements, decay constants and form factors. 
Measurements of hadronic branching frac- 
tions (BF) and their Dalitz structure provide 
important inputs to B-physics measurements 
undertaken at B-factories. CLEO has col- 
lected 281 ptT 1 of data at the -0(3770) and, 
as of this time, an additional ~ 350 pb _1 
at y/s = 4170 MeV. In this report, we de- 
scribe several recent hadronic charm analy- 
ses from CLEO-c, and one from CLEO-III 
{y/stt 10 GeV). 

2. The D s Energy Scan 

CLEO scanned the energy region from 3970- 
4260 MeV with the primary goal of deter- 
mining an optimal energy for D s physics. 
The scan included 12 points with a total lu- 
minosity of about 60 pb _1 . Candidate D°, 
D + and D s mesons are reconstructed in 3, 
5, and 8 modes, respectively. Because of the 
highly constrained kinematics, the momen- 
tum of the candidate can be used to deter- 
mine the hnal state, e.g., DD, D*D, D*D* , 
D S D S , or D*D S . 

We measure charm cross-sections in 
three ways: (1) inclusive hadronic event 
counting, with the non-charm components 
subtracted, (2) inclusive counting, and 



(3) sum of D)'{D) 



exclusive final states. 



(*)f)(*) 

We show in Fig. 1 the DD (top) and D S D S 
(bottom) cross-sections using exclusive final 
states. A peak cross-section of about 0.9 nb 
for D*D S is observed near 4170 MeV, which 
was then selected as the optimal energy for 
the CLEO-c D s physics program. 

The total charm cross-sections obtained 
using the three different methods are com- 
pared in Fig. 2 (top). The inclusive mea- 
surements show a clear excess over exclusive 

reconstruction of D) ID) {. Much of this ex- 

( s ) W 

cess can be attributed to a D*Dir final state. 
We model this excess as a non-resonant con- 
tribution, and show in Fig. 2 (bottom) the 
momentum spectrum of D° — > K~ir + decays 
using 178 pb _1 of data at E cm = 4170 MeV, 
compared to a simulation which includes 
the multi-body contribution. The promi- 
nent peaks from two-body decays are indi- 
cated along with the broader spectrum from 
D*Dn. With the three-body final state in- 
cluded, a good description of the data is ob- 
tained. 



3. Hadronic Branching Fractions 

Production of DD and D S D S allows CLEO-c 
to determine absolute BF's as well as A^,^, 
using yields of double-tagged and single- 
tagged events. Results based on 57 pb _1 
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Fig. 1. Measured production cross-section for DD, 
DD*, and D* D* (top) and D a D a , D a T>f, and D*D* 
(bottom) 1) as a function of ^J~s. The various B( s ) 
pair thresholds are indicated. 



have already been published 2 , yielding D 
BF's in Cabibbo- favored modes which are 
competitive with or better than the world 
average. Results based on 281 pb~ x are im- 
minent, and should provide uncertainties at 
the level of 1.5% on the key normalization 
modes: D° — > K~tt + and D + — > K~ir + ir + . 

Measurements of Cabibbo-suppressed 
decays using 281 pb _1 have also been 
published 3 . Six new decay modes and eight 
improved measurements were reported. Im- 
proved D — > 7T7T BF measurements were used 
to perform an isospin analysis, yielding an 
amplitude ratio A 2 /A = 0.420 ± 0.014 ± 
0.016 and strong phase shift J/ = (86.4±2.8± 
3.3)° between the AI = 3/2 and AI = 1/2 
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Fig. 2. (Top) Measured charm cross-section using 
hadron counting, inclusive -D( B ) yields and exclusive 

d|*jD|*j final states. (Bottom) Momentum spec- 
trum of D° mesons at E cul = 4160 MeV in data 
(points) and simulation (lines). 



isospin amplitudes. 

We also report on preliminary measure- 
ments of BF's in D s decays using ^200 pb -1 
of data collected at E cm = 4170 MeV. 
As with the D hadronic analysis 2 , we 
use yields from single-tag modes (D s — > 
K S K+, K+K-TT+, K + K-7r + Tr ,TT + 7r-TT+, 
t]tt + , r]'ir + ) and 36 double-tag modes to fit 
for the absolute D s BF's. Table 1 shows 
the single-tag yields, average D s efficiencies 
and the BF's from the fit (double-tag yields 
not shown). While these results are pre- 
liminary, the uncertainties are already sig- 
nificantly smaller than the 2006 world aver- 
ages. The decay D s — > cfm is a sub-mode 
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of K + K~n + , and exraction of its branch- 
ing fraction is complicated due to interfer- 
ence with the nearby /o- Alternately, we 
measure the partial BF, consisting of events 
with M K+K - - M < 10 MeV. The result- 
ing partial BF Bm k+k _ -m^<io M e v{D s — > 
K+K-n) is (1.98 ± 0.12 ± 0.09)%. 



Table 1. Preliminary results of D s branching frac- 
tions based on ~200 pb -1 of data collected at 
E cm = 4170 MeV. Yields are the sum of D+ and D~ . 



Mode 


Yield 


Eff. 


BF 


Df-+ 




(%) 


(%) 


K S K ± 


1983 ± 54 


37.5 


1.50 ±0.09 ±0.05 




8666 ± 126 


44.3 


5.57 ± 0.30 ± 0.19 


K+K-w ± tt° 


2410 ± 119 


12.5 


5.62 ±0.33 ±0.51 




1916 ± 112 


49.4 


1.12 ±0.08 ±0.05 




1117 ±70 


19.5 


1.47 ±0.12 ±0.14 




733 ± 33 


5.4 


4.02 ±0.27 ±0.30 



CLEO has also measured the inclusive 
rj, rf and <f> BF's in D°, D + and D s decays 4 . 
The analysis uses 281 pb" 1 of V(3770) data 
and about 200 pb -1 recorded at E cm = 
4170 MeV. The approach is to reconstruct 
one D meson (called the tag), and use the 
remaining charged particles and showers to 
search for the decays: 77 — ► 77, 77' — > 777r + 7r~ 
and 4> — ► K + K~. Yields are determined 
by fitting the invariant mass spectra (for 77', 
we use the mass difference, M m + V - — M n ), 
and performing a sideband subtraction for 
the tag-side background. Yields and efficien- 
cies are determined in 2 bins of momentum 
for 77 and 5 momentum bins for 77' and </3, and 
the resulting partial BF's are then summed 
to obtain the total BF. The results are sum- 
marize in Table 2. The inclusive rj results in- 
clude feed-down from 7/. Prior to these mea- 
surements, only weak limits or measurements 
with large uncertainties existed. These mea- 
surements support the expectation that the 
ss component of 77, 77', and <fi mesons lead to 
a larger production rate in D s decays. 



3 

4. Dalitz Analyses 

Multi-body decays are often dominated by, 
or have significant contributions from one or 
more quasi-twobody decays. Dalitz analy- 
ses allow for extraction of these contribut- 
ing amplitudes and relative strong phases by 
constructing a total amplitude which is a co- 
herent sum of complex amplitudes 5 . 

We first report on a CLEO Dalitz anal- 
ysis of the decay D + — > 7r + 7r~7r +6 . This 
work is fueled by a number of experimental 
results 7,8 that support the existence of a low 
mass scalar state, referred to as the a. FO- 
CUS, which employs a K matrix formalism 9 , 
does not require the inclusion of the a to de- 
scribe the low ittt mass region in the D — > 
7r + 7r~7r + decay. 

CLEO-c's D + —> 7r + 7r~7r + sample is 
comprised of about 2600 D + — ► 7r + 7r~7r + de- 
cays and about 2200 background events after 
vetoing events consistent with Kg — ► ir + n~ . 
Several tt + tt~ resonant contributions are in- 
cluded in the fit, including p(770), p(1450), 
/ O (980), / 2 (1270), /o(1370), / (1500), and a. 
The a is modeled as a pole in the complex 
plane 10 and the / (980) using the Flatte pa- 
rameterization. The resonance parameters 
are taken from previous experiments 11 ' 12 . 
The resulting fit fractions and relative phases 
are shown in Table 3. Our data are in gen- 
eral agreement with those of E791 7 . In both 
cases, neglecting this low mass contribution 
gives a poor description of the data. Alter- 
nate descriptions of the low mass tttt region 
are being investigated. 

CLEO has also performed a Dalitz anal- 
ysis of the D° — > K + K~ir° decay 13 using 
—9 ftT 1 of data on/just below the T(4S) . 
This final can be used to extract the CP- 
violating angle, 7, through the interference 
of B+ -» D°K+ andB+ -» D°K+ 14 . We re- 
construct and tag the flavor of D° mesons via 
the sequential decay D* + — > D°ir + . A sam- 
ple of 735 events are selected, of which about 
130 are background. The signal is mod- 
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Table 2. Inclusive branching fractions for D°, D+ and D s to rj, r)' , 
and </> mesons (in percent). 



rjX r/X_ 4>X 

D" 9.5 ±0.4 ±0.8 2.48 ±0.17 ±0.21 1.05 ± 0.08 ± 0.07 
D+ 6.3 ±0.5 ±0.5 1.04 ±0.16 ± 0.09 1.03 ± 0.10 ± 0.07 
D a 23.5 ±3.1 ±2.0 8.7 ±1.9 ±0.8 16.1 ±1.2 ±1.1 



Table 3. Preliminary results on the Dalitz analysis 
of the D+ — » 7r+7r~7r+ decay showing the fit fraction 
(FF) and phase relative to p(770)vr+ . CLEO limited 
are at the 90% confidence level. We also show the 
corresponding fit fractions from E791. 



Mode 


CLEO FF 


Phase(°) 


E791 FF 


p(770)7r+ 


20.0 ±2.5 


(fixed) 


33.6 ± 3.9 


<T7T+ 


41.8 ±2.9 


-3±4 


46.3 ±9.1 


/ 2 (1270)tt+ 


18.2 ±2.7 


-123 ±6 


19.4 ± 2.5 


/o(980)tt+ 


4.1 ± 0.9 


12 ± 11 


6.2 ± 1.4 


/„(1500)7T + 


3.4 ± 1.3 


-44 ± 21 




Non-resonant 


< 3.5 




7.8 ±6.6 


p(1450)7r+ 


< 2.4 




0.7± 0.8 



eled with three Breit-Wigner contributions, 
D° -» 0tt°, K*+K-, and K*~ K+ , along 
with a non-resonant (NR) interfering compo- 
nent. The background shape is determined 
by a fit to the Dalitz plot obtained from D° 
candidates in the AM = M(D*+) - M(D°) 
sideband region. The amplitudes, phases 
and fit fractions are shown in Table 4. For 
K*~K + , which is most relevant for this anal- 
ysis, the uncertainties include both statisti- 
cal and systematic sources; the others are 
only statistical. The amplitude ratio and rel- 
ative phase between K*~K + and K* + K~ 
are thus found to be: \A K *- K + /A K ,+ K - \ = 
0.52 ± 0.05 ± 0.04 and 6 K ,- K +_ K .+ K - = 
(332±8±11)°. This is the first measurement 
of this phase shift, and the amplitude ra- 
tio measurement is a significant improvement 
over previous estimates using D° — > K*K 
branching fractions. 

We gratefully acknowledge the effort of 
the CESR staff in providing us with excellent 
luminosity and running conditions, and the 
National Science Foundation for support of 
this work. 



Table 4. Dalitz results of the D+ -> K+R-w 
decay showing the amplitudes, phases and fit 
fractions (FF) relative to K* + K~. 



Mode 


Amplitude 


Phase(°) 


FF 


K*+K~ 


1.0 


(fixed) 


46.1 ± 3.1 


K*~K+ 


0.52 ±0.06 


332 ± 14 


12.3 ±2.2 


4,-K 


0.64 ± 0.04 


326 ±9 


1.94 ± 1.6 


NR 


5.62 ±0.45 


220 ±5 


36.0 ±3.7 
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